Abstract: Zinc fluoroborate glasses with compositions xZnO. (40 -x) LiF.60B 2 O3(x = 0, 5, 10, 15, and 20) were synthesized by the melt-quench method. The amorphous nature of the glassy samples was confirmed by XRD analysis. The nature of the bonds formed and the role of various species in the composition of the glasses were examined using FTIR spectroscopy. FTIR analysis showed shifting of an absorption band with the addition of ZnO. A UV-visible study was carried out to calculate the optical band gap energy, E g . It was found that E g decreased with increase in concentration of ZnO up to x = 15 and increased slightly for x = 20 with the stepwise replacement of a nonoxide group (LiF) by an oxide group (ZnO). Urbach tail energy, E U , was found to increase from x = 0 to x = 15 and then decreased slightly for x = 20. Theoretical optical basicity, Λth , decreased with decrease in concentration of LiF.
Introduction
Haloborate glasses have attracted the attention of researchers due to their numerous applications in the production of infrared optical components and optical fibers. In particular, LiF.B 2 O 3 glasses are very useful in the fabrication of phosphors, solar energy converters, and a number of electronic devices [1] . The flexible variance in the structures of borate glasses with the addition of LiF has been reported [2] . We have recently reported the study of LiF.B 2 O 3 glasses with concentrations varied by replacing LiF by Bi 2 O 3 [3, 4] . ZnO, being a transition metal oxide, exhibits semiconducting properties. It is used as an efficient material in ultraviolet-emitting devices [5] . When doped with fluorine and aluminum, it can be used to fabricate transparent-conducting electrodes and piezoelectric as well as ferroelectric layers [6] . ZnO, being an oxide group, when added to the glass network at the cost of LiF, which is a nonoxide group, exhibits its presence by decreasing the value of the optical band gap.
Zn
2+ ions are more polarizable than Li + ions and also oxygen is more polarizable than fluorine. Therefore, the replacement of LiF by ZnO may cause the overall polarizability of the glass to change, which in turn may affect the optical band gap. In the present communication, the effect of addition of ZnO on the structural and optical properties of LiF.B 2 O 3 glasses is reported.
Experimental
Glass samples with compositions xZnO.(40 -x)LiF. 60B 2 O 3 (x = 0, 5, 10, 15, and 20) were synthesized through the traditional melt-quench method using ZnO, LiF, and H 3 BO 3 reagent grade powders. Various powdered materials were taken in grams equal to their molecular masses and then mixed uniformly according to their percentage presence in various samples. The mixture was heated at 1273 K for 30 min to get a bubble-free melt. The melt so formed was pressed between 2 carbon plates at room temperature. Thin pallets of the glassy samples with an average thickness of 1 mm were obtained.
The amorphous nature of the samples was tested on a Regaku X-ray diffractometer using Cu-Kα radiations. Samples were ground properly to powdered form, which in turn was placed in the diffractometer and rotated at the rate of 1
• /min. A plot of diffracted intensity and the angle was obtained.
FTIR spectroscopy on the thin pallets of the samples was carried out in the range of 652 cm −1 to 4000 cm −1 at room temperature using a PerkinElmer FTIR spectrophotometer. Plots between % transmission and wave number were obtained. The absorption of UV-Visible radiations in the reported samples was studied using a PerkinElmer UVVisible spectrophotometer. Plots between absorption and wavelength of incident radiations were obtained.
Results and discussion

XRD analysis
The X-ray diffraction patterns for the samples xZnO. There was an absorption band appearing at around 685 cm −1 in all the compositions. This is attributed to the bending of B-O-B linkage in the borate network [7] . There appears an absorption band at around 910 cm −1 for each of the reported compositions, which is due to the B-O bond stretching in BO 4 units of di-borate groups [8] . An absorption band around 1098 cm −1 , which is almost absent in the composition with x = 0, shows its small but significant presence in the compositions with concentrations of ZnO. This band is a signature of the absorption made by penta-borate and di-borate groups [9, 10] . These groups increase with the increase in ZnO concentration as it joins the glass network with the replacement of some concentration of LiF. Therefore, a nonoxide group gets replaced by an oxide group, increasing the possibilities of penta-borate and di-borate groups being generated.
FTIR analysis
The absorption range 1160-1600 cm −1 , as reported [8, 9, 11] , is due to the B-O bond stretching vibrations in BO 3 units. In this particular absorption range, 2 bands are originating. The first band is centered at 1220 cm −1 . This absorption is due to symmetric stretching vibrations of B-O bonds in BO 3 units from meta-and ortho-borate groups [8] [9] [10] [11] [12] . The second band is centered at 1365 cm −1 for the composition with x = 0 and at 1370 cm −1 for other compositions. This absorption is assigned to the asymmetric stretching vibrations in BO 3
and BO − 3 units [8, 9, 12] . The shift of this band towards higher wave number with ZnO content may be due to the formation of bridging bond Zn-O-B [13] . Another absorption band is observed at 1438 cm −1 , which is due to BO stretching of BO 3 units in varied types of borate groups [8] . All absorptions are listed in Table 1 . Figure 3 depicts the absorption profile of all the glassy samples. These plots show the variations in absorption coefficient α(ν) against wavelength. The absorption coefficient α(ν) is related to the incident intensity (I i ), transmitted intensity (I t ), and thickness of the sample (t) [14] as
The absence of a sharp absorption edge in all the plots confirms the amorphous nature of the samples, which is in agreement with the results of XRD and FTIR. Optical band gap is an important parameter to characterize a material in terms of its transparency for a range of electromagnetic radiations. Optical band gap (E g ) is calculated in terms of the absorption coefficient α(ν) [14] as
Here ν is the frequency of the incident radiations and B is a constant called band tailing parameter. The value of index r depends on the nature of the transitions taking place in the samples. For indirect allowed and forbidden transitions, r = 2 and 3, respectively, and for direct allowed and forbidden transitions it is 1/2 and 2/3, respectively.
Furthermore, NBOs have larger magnitude of negative charge as compared to that on bridging oxygens. This is why the materials with larger numbers of NBOs are more polarizable and vice versa. This is also the reason for the decrease in the optical band gap with increase in the number of NBOs. Table 2 and the variations in E g with composition are plotted in Figure 6 . There is a continuous decrease in the value of optical band gap energy from x = 0 to x = 15, which increases slightly for x = 20. Increase in ZnO concentration encourages the formation of BO 4 units, which further are being converted in BO − 3 units with one nonbridging oxygen atom. This is the reason behind the decrease in the optical band gap of the material. In the sample with x = 20 a slight increase in the optical band gap energy may be due to a small concentration of LiF, which allows ZnO to be connected in the glass network in a manner to decrease the number of NBOs. In the low absorption region of Tauc's plot, the absorption coefficient is related to photon energy [15] as Here E U is called Urbach tail energy, which corresponds to the width of tail states in the mobility gap. Tail states arise due to the disorder present in the glass structure, causing the mobility edges to enter the mobility gap. Formation of such localized states can thus be attributed to the random potential functions [16] .
Electronic transitions involved in these states are generally phonon assisted transitions [17, 18] . Formation of such states makes the material an indirect band gap material. Figure 7 . Values of E U are listed in Table 2 and variation in E U is plotted against the composition in Figure 8 . There is an increase in the value of E U with ZnO concentration from x = 0 to x = 15 and a slight decrease forx = 20. This is again attributed to the structural changes taking place with the increasing concentrations of ZnO. Optical basicity is another parameter related to the optical properties of the glasses. Electronic polarizability and optical basicity have an intrinsic relationship. Optical basicity is expressed in terms of the electron density carried by anions. Theoretical optical basicity for the present series of samples is calculated using the following formula [19] :
Here r i is the ratio of number of cations 'i' to total number of oxide ions, γ i is basicity modulating factor, Z i is the oxidation number of cations 'i', and Z o is the oxidation number of oxide anions. Values of Λ th are listed in Table 2 . It is observed that the stepwise replacement of LiF by ZnO decreases the theoretical optical basicity of the samples. 
Conclusions
The following conclusions can be drawn from the study of samples with compositions xZnO. 1. From XRD analysis it can be concluded that the samples are of amorphous nature as there is no peak in the pattern.
2. FTIR spectroscopy shows shifting of a band centered at 1365 cm −1 to 1370 cm −1 , which is an indicator of structural modifications in the glass network.
3. Optical absorption study reveals that the samples are indirect band gap materials. Stepwise replacement of a less polarizable material (LiF) with a more polarizable material (ZnO) results in a decrease in the optical band gap energy from x = 0 to x = 15. It increases slightly for x = 20, which might be due to a greatly reduced concentration of LiF, allowing ZnO to be so connected in the glass network that the number of NBOs decreases again. Theoretical optical basicity decreases with decrease in concentration of LiF.
